Objectives: Budget impact and cost-effectiveness analysis are often required by payers when discussing drug reimbursement. We hereby present a cost-minimization (CMA) and budget impact analysis (BIA) regarding the incorporation of certolizumab pegol (CZP) for the treatment of patients with Crohn's disease, a debilitating condition that affects the digestive tract. Methods: Considering that the scientific literature demonstrates CZP as effective as the alternatives (infliximab and adalimumab), a CMA was conducted, including a Markov 10-year time horizon modeling. Focusing on the assumptions for both CMA and BIA, a total of 36 stakeholders from the private sector were surveyed regarding treatment and disease-related costs. For the BIA, drug acquisition costs, administration costs, no population growth and an immunobiologic drug (bDMARD) switching rate of 5% were also considered. We assumed that CZP would gradually gain market share until it reaches 20% of new or switching patients in the fourth year. In addition, probability sensitivity analyses were performed. Results: In the cost-minimization, the calculated costs for 10-year treatment were BRL149k (infliximab); BRL118k (adalimumab) and BRL83k (CZP). Probabilistic sensitivity analysis was conducted with 1,000 random simulations, with CZP being less costly than its comparators in all simulations. Additionally, the BIA result indicates that CZP is a cost-saving intervention, with a predicted five-year impact of BRL317k for every 100-patient cohort. Conclusions: Certolizumab pegol was shown to be not only effective but also a cost-saving drug when compared to other anti-TNF drugs available for the Brazilian private healthcare system.
Introduction
Crohn's disease (CD) is a highly debilitating disease that affects the gastrointestinal tract (Shanahan, 2002) , with a prevalence that highly varies, depending on the world region, but that has been estimated generally at 5 cases in every 100,000 inhabitants (Loftus et al., 2002; Shivananda et al., 1996; Trallori et al., 1996) . Some of the main disease symptoms are diarrhea, abdominal pain and abdominal cramping (Joshua-Gotlib et al., 2004) . In addition to symptoms directly related to Crohn's disease, other complications also occur. These complications may or not be related to bowel inflammation. The most common is gastrointestinal tract obstruction, which usually occurs in the small bowel (Loftus et al., 1998) .
Certolizumab pegol is a recombinant, humanized, polyethylene glycol-conjugated antigen-binding antibody fragment (Fab') with specificity for human TNF-alfa. Its efficacy and safety, according to various systematic reviews and meta-analyses using its clinical trials as the basis, as well as trials of its alternatives adalimumab and infliximab, are considered equivalent, thus justifying its use in moderate to severe Crohn's disease patients who are unresponsive or with poor response to synthetic disease-modifying drugs (Shao et al., 2009; Singh et al., 2014; Stidham et al., 2014) . The drug is currently approved by the Brazilian Health Surveillance Agency (ANVISA) for the treatment of moderate to severe CD not responding to conventional treatment, among other indications (ANVISA, 2016) .
In recent years, the literature has demonstrated a special interest in the use of biological drugs, including for CD. The study by Stidham et al. (2014) has indirectly evaluated adalimumab, infliximab and certolizumab pegol in a systematic review and demonstrated that there is no statistical difference in terms of efficacy superiority between them. Additionally, Nikfar et al. (Nikfar et al., 2013) demonstrated that there are no statistically significant differences between the probabilities for placebo's and certolizumab pegol's adverse events occurring. Furthermore, Peyrin-Biroulet et al. (Peyrin-Biroulet et al., 2008) , in their meta-analysis, concluded that adverse events from anti-TNF agent class, as a whole, are not more frequent than adverse events in placebo patients.
The access to care and early intervention to treat inflammatory disorders such as CD can be very difficult to achieve in Latin America, including Brazil, which has been facing challenges related to the allocation of scarce resources for the management of this and other chronic conditions (Burgos-Vargas et al, 2013; Tundia et al., 2016) . Additionally, the Brazilian Supplementary Health Agency (ANS), subordinate to the Ministry of Health, is responsible for regulating private health insurance plans in Brazil and establishing the mandatory minimum coverage of health technologies by these plans. In this context, ANS set forth in 2016 that "subcutaneous immune biological therapy for rheumatoid arthritis, psoriatic arthritis, Crohn's disease and ankylosing spondylitis therapy", as well as intravenous immune biological therapies for the same purposes, should be reimbursed by insurance. However, when performing this study, there were two immune biological drugs available and approved for Crohn's disease indication, in addition to certolizumab pegol itself: infliximab and adalimumab (ANS, 2016) .
Considering this mandatory coverage by health insurance companies, the purpose of this study was to perform a pharmacoeconomic assessment of certolizumab pegol compared to infliximab and adalimumab. Further taking into consideration scientific literature showing that drug efficacy and safety do not have statistically significant differences (Shao et al., 2009; Nikfar et al., 2013; Singh et al., 2014; Stidham et al. 2014 ), a cost-minimization analysis was chosen. Moreover, we carried out a budget impact analysis. All these analyses will be shown from the perspective of a Brazilian private payer.
Methods

Cost-minimization model
The objective of this analysis was to estimate the potential reduction in costs by the introduction of CZP as an anti-TNF option in protocols for CD treatment. Cost-minimization analyses are often performed by estimating the treatcompreender os custos de tratamento e aqueles relacionados à doença. Para a análise de impacto orçamentário, foram assumidos: custos de aquisição e administração das drogas, nenhuma taxa de crescimento populacional, taxa de troca de medicamento biológico (bDMARD) de 5% e market share de 20% para o CZP em seu pico. Visto que o CZP é tão eficaz e seguro quanto os comparadores disponíveis, optou-se pela análise de custo-minimização, assumindo horizonte temporal de 10 anos. Resultados: A análise de impacto orçamentário mostra que o CZP é capaz de gerar redução de custos no valor de R$ 317 mil em cinco anos, para cada cem pacientes. Para a custo-minimização, os custos calculados no horizonte de dez anos foram: R$ 149 mil para o infliximabe; R$ 118 mil para o adalimumabe e R$ 83 mil para o CZP. A análise de sensibilidade probabilística mostrou CZP menos custoso em 100% das 1.000 simulações. Conclusões: Certolizumabe pegol mostrou-se não apenas efetivo, mas também uma opção que pode gerar redução de custos quando comparada às outras drogas biológicas no Brasil sob a perspectiva do pagador privado. ment cost based only on the drug itself. However, in some cases, the development of a more detailed pharmacoeconomic model may be chosen (Miyazaki et al., 2009 ). Since CD may cause disease states for the patient generating high costs in addition to drugs, such as the need for surgery, a more detailed analysis may be appropriate.
Most cost-effectiveness and cost-utility studies for Crohn's disease used CDAI criterion to go further or to leave the treatment (Blackhouse et al., 2012; Bodger, 2011; Bodger et al., 2009; Kaplan et al., 2007; Lindsay et al., 2008) . However, the structures of different models differ somewhat from each other. A study from a group of Canadian researchers based on the Markov model (Blackhouse et al., 2012) was chosen to be the foundation for development since this was the model better reflecting the clinical reality seen in Brazil once the patient's journey is similar to the recommendation made by the Brazilian National Clinical Guideline (PCDT) and more truthfully approximating the real costs generated by patients during the disease course. The model was developed in Microsoft Excel software.
Model perspective
We assumed the perspective of payers in the Brazilian private healthcare system.
Population
Simulation was performed assuming a hypothetical cohort of 1,000 CD patients, with a mean weight of 65 kilos and a mean age of 35 years. These assumptions were taken considering the patient profile observed in Brazilian Public Health Database, the DATASUS.
Time horizon and cycle length
CD is a patient life-lasting chronic disease (Carter et al., 2004) ; however, this rarely responds to treatment with the same drug for a period longer than 10 years. This information may be concluded from the fact that most patients end up undergoing surgery within a period up to ten years (Bernell et al., 2000; Carter et al., 2004) . In order to mitigate the influence of cost reduction caused by standard therapy after biological drug failure, a time period of ten years was assumed for this analysis. Each cycle lasts six weeks, due to the large number of results from clinical trials in this period.
Health states
Health states in Markov's model were the following: active disease [patient not responding to conventional treatment (MMCD), failure, conventional treatment], clinical remission, response, surgery, surgical remission, death ( Figure 1 ). In this model, all patients are a status after synthetic MMCD failure, when they start anti-TNF therapy. At this status, the patient may experience a response, remission of treatment failure. At any time, failure may occur during response and remission status. After this possible treatment failure, some patients undergo surgery in some cases resulting in remission. However, a good part of patients does not undergo surgery, resuming treatment with synthetic MMCD. It is assumed that the patient may die at any status.
Transition probabilities
Response and remission assessment is made based on Crohn's disease activity index (CDAI). In the event of a decrease over 100 points in CDAI, a response is assumed. If the index falls for a score lower than 150, remission is assumed. Witching probabilities were estimated from the meta-analysis by Singh et al. (Singh et al., 2014) , with probabilities of response, remission and response and remission maintenance in control groups being obtained in Precise 1 study (Sandborn et al.) . The probabilities are shown in Table 1 . The probability of surgical remission was obtained from Siverstein et al.'s study (Silverstein et al., 1999) and adapted for the model cycle duration. The probability for a patient with active disease to proceed to the surgery state estimated is 0.45% per cycle (Feagan et al., 2008) . Based on this same study (Feagan et al., 2008) , hospitalization probability is established at 1.9% in patients with drug treatment failure. In addition, the relative risks and respective response ratios are presented in Table 2 .
Mortality
Mortality rates were obtained in mortality tables from Instituto Brasileiro de Geografia e Estatística [Brazilian Institute of Geography and Statistics (IBGE). The multiplying standardized mortality ratio (SMR) considered for patients with active disease (out of remission and response states) was 1.85 (Wolters et al., 2006) . By means of regressions, it was possible to establish an equation for the mortality rate in the overall population (1) and another for the mortality rate in active disease population (2). The active disease comprises all states where the patient is not in clinical remission nor surgical remission:
• mortality = 0 . 0 0 02 0 e 0 . 0 6 815 i t y
• mortality = 0 . 0 0 037e 0 . 0 6 815 i t y
Discounting
A discount rate of 5% per year was used (Brasil, 2009 ).
Alternatives
As alternatives, we have chosen adalimumab and infliximab based on the quality of data available in scientific literature. In addition, these anti-TNFs have been present Brazilian market with the biggest market shares.
Estimation of costs
The costs considered in the model were the cost of obtaining the drug, infusion cost for infliximab, training cost to use subcutaneous drug for adalimumab and certolizumab pegol, cost of surgery, cost of hospitalization and cost of tests. In order to obtain the effective price of medications and other costs paid by institutions, a research was carried out with 21 private health institutions (among hospitals and clinics) and 15 healthcare insurance companies. The mean values found are shown in Table 3 , along with the dosing regimen of each drug considered in the analysis. This approach is needed considering that there is no published price or database publicly available for the private market in Brazil.
With drug costs available based on the previous research, it was possible to estimate the total dosing cost (infusion cost for infliximab and training on a subcutaneous drug use for the others). For that, during the same research we also interviewed 15 gastroenterologists and 15 nurses from the selected institutions, aiming at determining the resources used during patient management. To obtain the unit costs, the same research was carried out with healthcare institutions already previously described. These costs and resource use are explained in Table 4 .
From this data, it was possible to calculate the total cost of acquisition and dosing of each drug (Table 5) .
The calculation and test costs were made based on data obtained in the same research with healthcare professionals and institutions. The costs and frequency of performance of these tests in patients being treated with anti-TNF drugs are shown in Table 6 . For conventional treatment with synthetic drugs, tests were assumed to be the same; this was, however, without the need for a chest X-ray, tuberculin test, HbsAG and anti-HCV. Thus, the values obtained to estimate the disease monitoring are shown in Table 7 .
Also based on the already mentioned research, the cost of hospitalization was estimated: six days of hospitalization 
Budget impact model
The objective of this analysis is to demonstrate the net budget impact of the adoption of CZP by modeling a hypothetical cohort of 100 patients which could be applied at health company level of the supplementary health system in Brazil. A budget impact model was built in Microsoft Excel software and follows the following logics. Patients enrolled at each year in the model may take any of the biological drugs, as well as those switching biological therapy, following the defined market share for each drug. Patients not switching therapy and not discontinuing biological treatment until the time period continue to take the same drug throughout the five--year period (2016-2020) (Brasil, 2009 ). Due to the lack of data from the supplementary health system for the dynamics of the population receiving biological treatment for Crohn's disease, it was assumed that the dynamics in the private system would be similar to that in the public health system. In addition, there is no patient management difference between those systems that could impact the assumption. Therefore, data from the Brazilian Public Health Database DATASUS were used so that it was possible to project the population size within the five-year time frame.
Patient population
The patient filter was made based on the International Classification of Diseases and Health-Related Problems (ICD 10). 
Patient dynamics
The calculation of new patient enrollment rate in the model was made by comparing the number of patients starting their treatment with a biological drug in the year of analysis and the total patients from the previous year. An illustrative example may be seen in Table 8 . By using the new patient enrollment history, the following equation was built for the calculation of new patient rate at each year: y = 0.7411 x -0.466
, wherein y represents the enrollment rate according to the year and x variable represents the year being analyzed, with 2011 being year 1, 2012 being year 2, successively reaching year 10 in 2020.
Calculating the arithmetic mean of enrollment rates between 2015 and 2020, the mean enrollment rate of 31% per each year is reached and applied in the budget impact model.
The switching rate is estimated by dividing the number of patients receiving both infliximab and adalimumab in the same year by the total number of patients receiving biological drugs in the same year. The rate assumed is 5% a year based on data observed from DATASUS.
The patient withdrawal rate from the model was calculated by dividing the number of patients who no longer received biological drugs (i.e., who received them in the previous year and did not receive in the year of analysis) by the total number of patients in treatment in the previous year.
The yearly rates observed in DATASUS ranged from 18% to 24%. Since the rate varies a little at each year, the 2015 rate of 19% was used. Possible variations will be treated in the sensitivity analysis.
Market share
Since there is a potential late incorporation compared to other drugs already available for a few years by the Brazilian health system, certolizumab pegol is expected not to reach a market share close to adalimumab and infliximab. It is estimated that in 2020 certolizumab pegol would have 20% of market share in new patients or patients switching biological drugs, a year when its share would peak. A theoretical adoption curve was taken into consideration, based on examples from other drugs, represented in Figure 2 .
For this analysis only the drug acquisition and dosing costs were used (infusion or training to use a subcutaneous drug), consistent with the approach used for the cost-minimization analysis.
Sensitivity analysis for both models
Trying to minimize the effects of uncertain parameters contained in cost-minimization and budget impact analysis, probability sensitivity analyses were performed. Considering the potentially high variability of drug prices, those were assumed to vary from 50% to 120% of values used in the basis case. For other costs, a standard deviation of 20% was assumed.
Population parameters were also a sensitivity analysis target for the cost-minimization analysis, and its variation is shown in Table 9 .
Parameters considered in sensitivity analysis of budget impact model are shown in Table 10 and were simulated as a thousand random events.
Results
Cost-minimization analysis
In this cost-minimization analysis with a ten-year timeframe, the total cost of certolizumab pegol was significantly lower than its alternatives, being 44% lower than the treatment cost with infliximab and 29% lower than adalimumab cost. Total costs of treatments seen with infliximab, adalimumab and certolizumab pegol were as follows, respectively: R$ 149,223; R$ 117,680; R$ 83,145 (Figure 3 ).
Sensitivity analysis for cost-minimization analysis
It was seen that in 100% of these cases certolizumab pegol was shown as less costly than the other drugs. The medians, with a 95% confidence interval (95% CI) for treatments with infliximab, adalimumab and certolizumab pegol, were as follows, respectively: BRL 142,028 (100, 484); BRL 117, 517 (92, 199); BRL 83, 283 (63, 649) (Figure 4 ). It was further seen that when the cost of certolizumab pegol is close to its CI 95% upper bound, the costs with its alternatives remain above it. Certolizumab pegol was estimated to be at least 16% less costly than infliximab and 12% less costly than adalimumab, and at most 65% less costly than infliximab and 49% less costly than adalimumab.
Budget impact analysis
From data assumed and described under methods, the total number of patients by year was estimated, ranging from 112 in 2016 to 178 in 2020, with 58 of these patients in the last year being new patients (i.e., starting biological therapy) or switching treatment ( Figure 5 ). It is afterwards possible to estimate the number of patients per intervention, at each year, in the scenarios with and without certolizumab pegol as an add-on ( Figure 6 ).
Lastly, it is estimated that cost reduction caused by adding certolizumab pegol by a private health company within five years for every 100 patients treated with biological anti--TNF drugs for CD is BRL 2.7 million. This amount ranges from BRL 47,000 in the first year to BRL 1.3 million in the last year (Figure 7 ).
Sensitivity analysis for budget impact analysis
We observed that there is approximately a 50% probability that the cost saved by adding certolizumab pegol within five years, considering an initial population of 100 people, is above BRL 2 million (Figure 8 ). There was a cost reduction in all scenarios simulated.
Discussion
CD is not only disabling for the patient but is also generating considerable costs, both for the payer and for society (Ekbom & Blomqvist, 1998; Silverstein et al., 1999) . Additionally, Tundia et al. (2016) have demonstrated that in Brazil biological drugs represent more than 90% of CD patient treatment drug costs. Under this perspective, the quest for a treatment, at least, as effective and less costly compared to others currently covered by companies becomes key to guaranteeing the financial sustainability of the system. This is required especially if we consider the current scenario of growing casuistic and decreasing profitability of supplementary healthcare insurance companies (Albuquerque et al., 2008) , in addition to the increased population life expectancy (Azevedo, 2010) . Certolizumab pegol in several studies has been shown as effective and safe as other anti-TNF agents available to treat CD (Shao et al., 2009; Singh et al., 2014) . On the other hand, the results of this study aim to fill the blank existing in the current literature regarding the lack of more detailed economic analyses developed under the Brazilian payer's perspective, either public or private.
Additionally, it is important to have in mind that the concept of saving in the health system can also be considered an additional budget to provide access to patients who for some reason have not been treated.
Although this study considers several uncertain parameters, it can be considered to be truthful considering the results of the probability sensitivity analyses performed. It supports those obtained from the deterministic analysis. Another possible limitation of this analysis is the absence of vedolizumab, a product launched in Brazil during the course of this study. However, we believe that its inclusion as an additional alternative would only increase the uncertainty of results. Considering that its market share and prices charged may not yet be correctly measured and, thus, are estimated with a poor basis in real world data, vedolizumab is still a product with low adoption by companies and hospitals. Another possible limitation is the fact that DATASUS only has data from patients assisted in the public health system and also the anti-TNFs. There is no official database from private health system available, which in some way could lead to different assumptions regarding market share once that the reimbursement level differs from the public health system.
Conclusions
When observing the results obtained by both cost-minimization analysis and budget impact analysis, it was concluded that the adoption of certolizumab pegol by Brazilian healthcare insurance companies has a positive impact on its budget, considering the low cost when compared to other anti-TNF agents without any prejudice regarding efficacy and safety parameters.
